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TREATMENT OF ACUTE MYOCARDIAL INFARCTION WITH A SUBSTANCE 
RELATED TO THE GROWTH HORMONE AXIS 

Background of the invention 
Ischemic heart disease is the most common cause of 
death in both men and women in the Western world. Some of 
the clinical manifestations are angina pectoris, myocar- 
dial infarction, congestive heart failure (CHF) and sud- 
den death. Despite marked improvements in the treatment 
including beta-blockers, trombolysis and PTCA, mortality 
of patients with acute myocardial infarction (MI) is 
still very high and almost 50% of patients surviving MI 
eventually develop CHF. Cardiac changes developing after 
MI include left ventricular dilatation and hypertrophy of 
the residual non- inf arcted myocardium also known as re- 
modeling. Moreover, contractile impairment often occurs 
after MI, clinically manifested as CHF. An alteration in 
myocardial energy metabolism causing energy starvation 
has been proposed to be an important factor for progres- 
sion of CHF (see Ingwall J. S., Is cardiac failure a con- 
sequence of decreased energy reserve? Circulation 1993 ; 
87 : VII58-VII62) . Using nuclear magnetic resonance (NMR) 
spectroscopy, it has been demonstrated that myocardial 
phosphor- creatinine/ adenosine-tri -phosphate (PCr/ATP) ra- 
tio as an indicator of intrinsic myocardial biochemistry 
is a predictor of mortality in patients with CHF in late 
stage disease (see Neubauer S., et al . , Horn M, Hahn D, 
Kochsiek K. Clinical cardiac magnetic resonance spectros- 
copy - present state and future directions. Mol . Cell. 
Biochem. 1998; 184:439-443). 

Recent experimental and clinical studies have sug- 
gested an important role for the GH/IGF-I axis in regula- 
tion of cardiac growth and function. Cardiac function in 
adult patients with GH deficiency has been shown to be 
compromised (see Merola B., et al . , Cardiac Structure and 
functional abnormalities in adult patients with growth 
hormone deficiency, J. Clin. Endocrinol. Metab . 1993; 
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77:1658-1661/ Amato G. , et al . , Body composition, bone 
metabolism and heart structure and function in growth 
hormone (GH) deficient adults before and after GH re- 
placement therapy at low doses, J. Clin. Endocrinol. Me- 
tab. 1993; 77:1671-1676; Caidahl K. et al . , Cardiovascu- 
lar and renal effects of growth hormone, Clin. Endocri- 
nol. (Oxf) 1994; 40:393-400) and a recent study showing 
beneficial effects of GH treatment of patients with di- 
lated cardiomyopathy has also led to the suggestion of GH 
as a possible future agent in the treatment of congestive 
heart failure (CHF) (see Fazio S., et al . , A preliminary 
study of growth hormone in the treatment of dilated car- 
diomyopathy, N. Engl. J. Med. 1996; 334:809-814). How- 
ever, a recently published placebo-controlled study could 
not confirm beneficial effects of GH on hemodynamics in 
patients with idiopathic dilated cardiomyopathy (see 
Osterziel K. J., et al . , Randomised, double blind, pla- 
cebo-controlled trial of human recombinant growth hormone 
in patients with chronic heart failure due to dilated 
cardiomyopathy, Lancet 1998; 351:1233-1237). 

A number of experimental studies both in normal rats 
(see Cittadini A., et al . , Differential cardiac effects 
of growth hormone and insulin- like growth factor- I in the 
rat. A combined in vivo and in vitro evaluation, Circula- 
tion 1996; 93:800-809) and in rats with impaired cardiac 
function (see Yang R. , et al . , Growth hormone improves 
cardiac performance in experimental performance, Circula- 
tion 1995; 92:262-267; Duerr R. L . , et al . , Insulin-like 
growth factor- 1 enhances ventricular hypertrophy and 
function during the onset of experimental cardiac fail- 
ure, J. Clin. Invest. 1995; 95:619-627; Isgaard J., et 
al . , Growth hormone improves cardiac function in rats 
with experimental myocardial infarction, Eur. J. Clin. 
Invest. 1997; 27:517-525) show that GH and IGF-I, alone or 
in combination, improve contractility. Moreover, GH and 
IGF-I were still effective in improving cardiac function 
when added as an adjunct treatment to rats receiving ACE 
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inhibition for heart failure (Jin H. , et al . , Beneficial 
effects of growth hormone and insulin- like factor- 1 in 
experimental heart failure in rats treated with chronic 
ACE inhibition, J. Cardiovasc. Pharmacol. 1995; 26:420- 
425) . However, the absence of positive effects of GH on 
the impaired cardiac function after ligation of the left 
coronary artery (see Shen Y. T . , et al . , GH replacement 
fails to improve ventricular function in hypophysecto- 
mized rats with myocardial infarction, Am. J. Physiol. 
1996; 271 : H172 1 -HI 72 7 ) and ventricular pacing of dogs (see 
Shen Y. T., et al . , Lack of beneficial effects of growth 
hormone treatment in conscious dogs during development of 
heart failure, Am. J. Physiol. 1998; 274 :H456-H466) has 
also been reported. It is important to note that all above 
mentioned studies, both basic and clinical, have been per- 
formed in a chronic state of impaired cardiac function and 
provides no information regarding potential acute effects 
of GH. In the chronic state after ischemic injury, healing 
with scar tissue and remodeling of the heart have occurred 
providing a different and at least temporarily stable 
situation compared to the acute phase. However, one recent 
study addressed more acute effects of GH after ligation of 
the left coronary artery in rats (see Cittadini A. , et 
al . , Growth hormone attenuates early ventricular remodel- 
ing and improves cardiac function in rats with large myo- 
cardial infarction, J. Am. College Cardiol. 1997; 
29:1109-1116). Apart from induction of cardiac hypertro- 
phy, which has been demonstrated to be a risk factor for 
cardiac disease, no beneficial effects of GH on systolic 
function could be detected by in vivo measurements with 
echocardiography. Hence, in summary, no studies have so 
far given any evidence of favorable GH effects in the 
acute phase after MI . 

Until recently, clinical studies regarding GH treat- 
ment in heart failure were limited to case reports (see 
Cuneo R. C, et al . , Cardiac failure responding to growth 
hormone, Lancet 1989; 1:838-839; Frustaci A., et al . , Re- 
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versible dilated cardiomyopathy due to growth hormone de- 
ficiency, Am. J. Clin. Pathol. 1992; 97:503-511; 
O'Driscoll J. G., et al . , Treatment of end-stage cardiac 
failure with growth hormone, Lancet 1997; 349:1068-1068) 
where GH administration dramatically improved cardiac 
function. In a small open study of seven patients with 
idiopathic dilated cardiomyopathy and CHF without GH defi- 
ciency who received GH treatment for 3 months, consider- 
able improvement of cardiac function was reported (see 
Fazio S., et al . , A preliminary study of growth hormone 
in the treatment of dilated cardiomyopathy, N. Engl. J. 
Med. 1996; 334:809-814). More recent studies have demon- 
strated beneficial effects in patients with CHF due to 
both ischemic and idiopathic dilated cardiomyopathy with 
improvements in hemodynamics when GH was added both as a • 
maintenance therapy and as short term infusion (see Vol- 
terrani M. , et al . Hemodynamic effects of intravenous 
growth hormone in congestive heart failure, Lancet 1997; 
349:1067-1068; Beer N., et al . Beneficial effects of 
growth hormone in patients with congestive heart failure, 
Circulation 1997; 96 (suppl 1) :I-521, abstract 2920) . 
However, concern has also been raised regarding increased 
levels of circulating IGF-I (see Turner H., et al . , Growth 
hormone in the treatment of dilated cardiomyopathy, Let- 
ter to the Editor, N. Engl. J. Med. 1996; 335:672-672) 
which may contribute to a subacromegalic condition with 
increased risk for hypertension, hyper insulinemia , insulin 
resistance and hyperlipidemia . A possible risk for ar- 
rhythmia during prolonged GH treatment has also been 
pointed out (see Frustaci A., et al . , Growth hormone in 
the treatment of dilated cardiomyopathy, Letter to the 
editor, N. Engl. J. Med 1996; 335:672-673). Hence, a 
careful dosetitration of GH and safety monitoring of pa- 
tients with congestive heart failure appears to be manda- 
tory in future clinical studies. So far, two placebo- 
controlled studies with GH as adjunct therapy to patients 
with congestive heart failure have been reported, although 
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neither study could confirm previously reported improve- 
ment in systolic function and lowering of walls stress. In 
a study by Osterziel and co-workers (see Osterziel K. J., 
et al . , Randomised, double blind, placebo-controlled 
trial of human recombinant growth hormone in patients 
with chronic heart failure due to dilated cardiomyopathy, 
Lancet 1998; 351:1233-1237), fifty patients with idio- 
pathic dilated cardiomyopathy were treated with recombi- 
nant human GH (rhGH) for three months. A significant in- 
crease in left ventricular (LV) mass was reported which 
was correlated to changes in serum IGF- I concentrations, 
although systolic function and wall stress were not af- 
fected by GH treatment. In another placebo controlled, 3 
months study, rhGH treatment of patients with CHF of vari- 
ous etiologies was reported to be safe and well tolerated 
without serious adverse effects, although no significant 
improvement in cardiac function was seen (Isgaard J., et 
al . , A placebo controlled study of growth hormone in pa- 
tients with congestive heart failure, Eur. Heart J. 1998; 
19:1704-1711) . Possible explanations for the absence of 
cardiovascular effects in these placebo-controlled trials 
may be that both studies were small and that the treatment 
time may have been to short. Moreover, the patients in 
these placebo controlled studies were on a more optimal 
conventional therapy for congestive heart failure includ- 
ing higher doses of ACE inhibitors than previously de- 
scribed by Fazio and co-workers (see Fazio S., et al . , A 
preliminary study of growth hormone in the treatment of 
dilated cardiomyopathy, N. Engl. J. Med. 1996; 334:809- 
814) . So far, no clinical studies with acute administra- 
tion of GH after myocardial infarction have been reported. 

The precise mechanisms of actions of GH and IGF- I on 
the heart are less clear and there are few in vitro stud- 
ies concerning with GH/IGF-I effects on cardiomyocytes . In 
papillary muscle from rats exposed to very high GH plasma 
levels due to a GH secreting tumor, it was found that the 
maximum Ca 2+ activated force per cross-sectional area was 
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increased, suggesting a GH induced elevated Ca 2+ respon- 
siveness of the myofilaments (see Mayoux E., et al . , Me- 
chanical properties of rat cardiac skinned fibers are al- 
tered by chronic growth hormone hypersecretion. Circ Res 
1993; 72:57-64). In a model with isolated buffer-perfused 
hearts from rats treated with high doses of GH or IGF- I 
for four weeks, systolic function was improved and find- 
ings supported the notion of an increased maximal response 
to Ca 2+ (see Stromer H. , et al . , Exogenously administered 
growth hormone and insulin- like growth factor- I alter in- 
tracellular Ca2+handling and enhance cardiac performance. 
In vitro evaluation in the isolated isovolumic buffer- 
perfused rat heart, Circ. Res. 1996; 79:227-236). How- 
ever, if these effects are seen due to stimulation of car- 
diomyocytes rather than interstitial cells, remains to be 
investigated. In addition to direct effects on the heart, 
a lowering of arterial blood pressure peripheral resis- 
tance by GH may also be beneficial for hemodynamics (see 
Caidahl K. et al . , Cardiovascular and renal effects of 
growth hormone, Clin. Endocrinol. (Oxf) 1994; 40:393-400; 
Jin H., et al . , Beneficial effects of growth hormone and 
insulin-like factor-1 in experimental heart failure in 
rats treated with chronic ACE inhibition, J. Cardiovasc . 
Pharmacol. 1995; 26:420-425). It may be speculated that 
this effect is more rapid and could be an important factor 
in studies demonstrating acute cardiovascular effects of 
GH (see Volterrani M. , et al . Hemodynamic effects of in- 
travenous growth hormone in congestive heart failure, 
Lancet 1997; 349:1067-1068). 

In vitro studies, with addition of IGF- I to cultured 
neonatal rat cardiomyocytes , have demonstrated changes as- 
sociated with hypertrophy including increments in cell 
size, protein synthesis and induced expression of myosin 
light chain-2 and troponin I (see Ito H., et al., Insulin- 
like growth factor- I induces hypertrophy with enhanced 
expression of muscle- specif ic genes in cultured rat car- 
diomyocytes, Circulation 1993; 87:1715-1721). In adult 
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rat cardiomyocytes, it has been reported that IGF- I stimu- 
lates myofibril development (see Donath M. Y., et al . , In- 
sulin-like growth factor I stimulates myofibril develop- 
ment and decreases smooth muscle I -act in of adult cardio- 
myocytes, Proc . Natl. Acad. Sci. USA 1994; 91:1686-1690) 
and increases isometric force and free cytosolic Ca 2+ (see 
Freestone N. S., et al., The effect of insulin-like 
growth factor-1 on adult rat cardiac contractility, Mo- 
lecular and Cellular Biochemistry 1996; 163/164:223-229). 

Apoptosis, or programmed cell death, has been re- 
ported to occur in the myocardium of patients both after 
ischemic injury (see Saraste A., et al . , Apoptosis in hu- 
man acute myocardial infarction, Circulation 1997; 
95:320-323) and in conditions with dilated cardiomyopathy 
(see Narula J., et al . , Apoptosis in myocytes in end- 
stage heart failure, N. Engl. J. Med. 1996; 335-1182- 
1189) . Some of the genes involved in the apoptotic process 
have been identified including the Fas-receptor which has 
been shown to mediate signals for apoptosis (see Itoh N. , 
et al . , The polypeptide encoded by the cDNA for human 
cell surface antigen Fas can mediate apoptosis, Cell 
1991; 66:233-243; Nagata S., et al., The Fas death fac- 
tor, Science 1995; 267:1449-1456). Upregulation of the 
Fas-receptor has been shown to be associated with apopto- 
sis after myocardial infarction in rats (see Kajstura J., 
et al . , Apoptotic and necrotic myocyte cell deaths are 
independent contributing variables of infarct size in 
rats, Lab. Invest. 1996; 74:86-107). It has been reported 
that administration of IGF- I and GH prior to cardiac is- 
chemia attenuates the increased rate of myocyte apoptosis 
(see Buerke M. , et al . , Cardioprotective effect of insu- 
lin-like growth factor- I in myocardial ischemia followed 
by reperfusion, Proc. Natl. Acad. Sci. (USA) 1995; 
92:8031-8035; Buerke M., et al . , Human growth hormone ex- 
erts cardioprotective effects in murine reperfusion in- 
jury, Abstract # 2116, 70th Scientific Session of the 
American Heart Association, Orlando, November 1997) . A 
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possible mechanism contributing to the deterioration of 
heart function post MI may be altered energy metabolism 
and a reduction of energy reserve which have been ob- 
served in rats with experimental MI (see Neubauer S., et 
al . , Impairment of energy metabolism in intact residual 
myocardium of rat heart with chronic myocardial infarc- 
tion, J. Clinical Invest. 1995; 95:1092-1100). However, 
until now the potential effects of GH on myocardial en- 
ergy stores have not been evaluated. 

Summary of the invention 
In the research work leading to the present inven- 
tion, it was found that treatment with GH shortly after 
MI improves myocardial energy stores and that this im- 
provement in myocardial energy handling is linked to an 
improvement in systolic function. It is reasonable to as- 
sume that normalized energy stores in the myocardium are 
crucial for normal cardiac function and may provide pro- 
tection against further injuries. This was used as a ba- 
sis to provide a new and more effective way to treat 
acute ischemic events, such as myocardial infarcts. 

The invention thus relates to the use of a substance 
related to the growth hormone axis, or of a combination 
of two or more such substances, for the production of a 
pharmaceutical preparation for treatment of an acute is- 
chemic event. The pharmaceutical preparation according to 
the invention should thus be administered to a patient 
shortly after the ischemic event first has occurred, and 
the sooner the better. 

The invention also relates to a method for treatment 
of an acute ischemic event, wherein a therapeutically ac- 
tive amount of a substance related to the growth hormone 
axis is administered to a patient, preferably within a 
short period of time from the first manifestation of the 
ischemic event. 
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Other features, as well as advantages of the present 
invention will be evident from the following description 
and the appended claims. 

Detailed description of the invention 
As stated above, the invention relates to the use of 
substances related to the growth hormone axis. The ex- 
pression "substance related to the growth hormone axis" 
relates to all substances related to, linked to or in- 
volved in the sequence of successive activation reactions 
wherein GH is involved, comprising GH it self, hormones 
from the hypothalamus affecting GH and hormones or growth 
factors affected by GH. Preferred examples of such sub- 
stances are growth hormone (GH) , growth hormone secreta- 
gogues (GHSs) , or insulin like growth factor I (IGF- I) . 
Especially preferred is GH or an analogue thereof. 

The growth hormone (GH) used according to the inven- 
tion is preferably human growth hormone. It is possible 
to use both naturally derived GH and synthetically pro- 
duced GH. 

A growth hormone secretagogue (GHS) is a substance 
that stimulates secretion of GH. According to the inven- 
tion it is possible to use both naturally derived GHSs 
and synthetically produced GH. Furthermore, the GHS used 
may be either a peptidic or a non-peptidic substance. One 
example of a peptidic GHS suitable for use according to 
the present invention is growth hormone release peptide 
(GHRP) , which is a substance that leads to increased se- 
cretion of GH. 

The insulin like growth factor I (IGF-I) used ac- 
cording to the invention is preferably human IGF-I. It is 
possible to use both naturally derived IGF-I and syn- 
thetically produced IGF-I. 

It is also possible to use functionally equivalent 
analogues of GH, GHSs, or IGF-I. The expression "func- 
tionally equivalent analogue" used herein relates to any 
substance that is structurally similar to GH, GHSs, or 
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IGF- I and have essentially the same pharmacological ef- 
fects . 

Furthermore, it is possible to use a combination of 
two or more of the above mentioned substances. It is, 
however, not necessary to use more than one of these sub- 
stances. Thus, in the most preferred embodiment only GH, 
or an analogue thereof, is used as the pharmaceut ically 
active substance . 

The pharmaceutical preparation produced according to 
the invention and the method according to the invention 
are suitable for treatment of ischemic events. Ischemic 
event is a term describing a condition with a relative 
shortage of oxygen supply to the myocardium manifested 
e.g. as angina pectoris, myocardial infarction, contrac- 
tile dysfunction, arrythmia, fatigue, decreased exercise 
performance and breathlessness . The pharmaceutical prepa- 
ration and the method according to invention are intended 
for treatment of acute ischemic events such as acute myo- 
cardial infarctions, angina pectoris and sudden cardiac 
decompensat ion . 

The term "patient", as it is used herein, relates to 
any human or non-human mammal in need of treatment ac- 
cording to the invention. 

The term "treatment" used herein relates to measures 
taken in order to cure or alleviate a disease or a condi- 
tion . 

In the method according to the present invention, a 
"therapeutically active amount" of the substance is used. 
This expression relates to a dose of the substance that 
will lead to the desired pharmacological effect. 

The desired pharmacological effect is, as stated 
above, to improve the systolic function by improving the 
myocardial energy handling. 

The pharmaceutical preparation according to the in- 
vention may also comprise other substances, such as an 
inert vehicle, or pharmaceutical acceptable adjuvants, 
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carriers, preservatives etc., which are well known to 
persons skilled in the art. 

Furthermore, it is possible to combine the treatment 
according to the invention with conventional treatments 
of ischemic events. 

The invention will be further illustrated in the ex- 
amples below, which in no way are intended to limit the 
scope of the invention. 

Brief description of the drawings 
In the examples below reference is made to the ac- 
companying drawings on which: 

Fig. 1 is a diagram illustrating the creatine phosphate 
to ATP ratio measured with 31 P-MRS in MI rats 
treated with rhGH; the values are mean ± SEM, 
**p < 0.01 compared to effect of saline treatment; 

Fig. 2 is a diagram illustrating the fractional shorten- 
ing measured with echocardiography in MI rats 
treated with rhGH; the values are mean ± SEM, 
**p < 0.01 compared to effect of saline treatment. 

Examples 
Animals and experimental MI 

The study protocol used in these examples was ap- 
proved by the Animal Ethics Committee of the Goteborgs 
University and conducted in accordance with NIH guide- 
lines for use of experimental animals. 

The induction of MI (myocardial infarction) was per- 
formed on male Sprague-Dawley rats (B & K Universal, Sol- 
lentuna, Sweden) weighing 200-250 g, fed ad libitum and 
kept in 12 h light-dark cycle. All animals were main- 
tained on standard rat pellets and tap water ad libitum. 
The rats were anesthetized with ketamine hydrochloride 
100 mg/kg (Parke-Davis, Morris Plains, NJ, USA) and 
xylazine hydrochloride (Bayer AG, Leverkusen, Germany) 
10 mg/kg i.p., intubated and connected to a respirator 
for artificial ventilation with room air and oxygen using 
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a Carlsson ventilator (Astra-Hassle, Goteborg, Sweden) . 
A 2.5 cm long parasternal incision was made in the left 
thoracic area to the skeletal muscle. The muscle layers 
were separated with minimal damage using blunt dissec- 
tion. Left thoracotomy was than performed between the 
fourth and fifth ribs, exposing the left ventricular 
wall. By positioning a suture between the pulmonary ar- 
tery outflow tract and the left atrium, the branch of the 
left coronary artery was occluded. The lungs were there- 
after hyperinf lated, positive end- expiratory pressure was 
applied and the thorax immediately closed. All animals 
received postoperative analgesia with buprenoprin 
0.05 mg/kg s.c. and 0.6 mg/100 ml in the drinking water 
(Temgesic, Meda, 0.3 mg/ml) and were placed in cages with 
temperature control for spontaneous recovery. 
Echocardiography 

Transthoracal echocardiography (ECHO) was used to 
asses left ventricular (LV) function and geometry using 
previously validated two-dimensional (2D) , M-mode and 
Doppler techniques (as described by Litwin S. E., et al . 
in Serial echocardiographic assessment of left ventricu- 
lar geometry and function after large myocardial infarc- 
tion in the rat, Circulation 1994; 89:345-354). The ECHO 
investigation was performed 24 h prior to 31 P-MRS experi- 
ment, as described below, i.e. 48 h post infarct and 3 
weeks later. The animals were first weighted and then 
anesthetized with ketamine-hydrochloride 50 mg/kg and 
xylazine-hydrochloride 10 mg/kg i.p. Their chests were 
shaved and after attachment of electrocardiographic leads 
they were placed prone on the left side. Two-dimensional 
images were obtained using commercially available ultra- 
sound system equipped with a 10 MHz linear transducer for 
imaging and 5 MHz for Doppler (GE Ving Med, System five, 
USA) . Long-axis 2D views of left ventricle including si- 
multaneously visualization of the apex, posterior papil- 
lary muscle, aortic and mitral valves were obtained for 
volume measurements. LV volumes and ejection fraction 
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(EF) were computed using the area- length formula (see 
Carr K. W., et al . , Measurement of left ventricular ejec- 
tion fraction by mechanical cross-sectional echocardi- 
ography, Circulation 1979; 59:1196-1206). Pulsed wave 
Doppler spectra of mitral inflow from the apical four- 
chamber view were used to asses LV diastolic flow charac- 
teristics. Stroke volume (SV) was calculated using Dop- 
pler recording from the pulmonary artery (as described by 
Baily R. G., et al . in Non- invasive assessment of ven- 
tricular damage in rats with myocardial infarction, Car- 
diovasc. Res. 1993; 27: 851-855). All investigations were 
stored as cine- loop pictures, M-mode tracings and Doppler 
spectra on optical disc for off-line analysis. All meas- 
urements were averaged at least on 3 consecutive cardiac 
cycle using EchoPac 5.4 off-line analysis system (GE Ving 
Med, USA) . Left ventricular meridional wall-stress (WS) 
was calculated from 2D measurements according to the for- 
mula: WS = 1.33 x P x (Ac/Am) x 10 3 dynes/cm 2 (see Douglas 
P. S., et al., Estimation of wall stress and left ven- 
tricular mass by noninvasive techniques and clinical im- 
plications, Cardiovasc. Clin. 1986; 17:103-128; Douglas 
P. S., et al., Comparison of echocardiographic methods 
for assessment of left ventricular shortening and wall 
stress, J. Am. Coll. Cardiol. 1987; 9:945-951). In the 
formula, P is the systolic blood pressure, Am is the myo- 
cardial area determined by subtraction of the LV cavity 
area (Ac) from the total LV area and 1.33 is conversion 
constant from millimeters of mercury to dynes/cm 2 . 
Echocardiographic estimation of infarct size 

The size of MI was estimated according to the score 
system as described by Baily R. G. (supra) . The left ven- 
tricle was arbitrary divided into 4 regions in LAX and 
SAX. Each of the segments in parasternal LAX and SAX 
views was assigned a point for the presence of akinesis 
and/or dyskinesis. Additional point was assigned for the 
presence of LV dilatation on the M-mode tracing. Dilata- 
tion was defined as 15% more than the average of the left 
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ventricular internal diameter (LVDd) in end diastole of 
the control group. A myocardial infarction was considered 
to be small if the total score was 1-2 points, moderate 
if 3 or 4 and large if > 5 points. Previous study has 
shown that infarcts with > 5 points affected at least 35% 
of the LV. Based on the results from this score criteria 
only the rats with large infarcts and EF < 45 % were se- 
lected for treatment randomization. Animals, which on 
ECHO did not shown signs of myocardial infarction, were 
defined as sham operated. 

It has been shown previously that MI > 1/3 of LV is 
associated with progressive LV remodeling and hemodynamic 
abnormalities characteristic for heart failure while 
MI < 1/3 of LV or nontransmural infarcts do not consis- 
tently cause this changes (see Pfeffer M. A., et al . , 
Myocardial infarct size and ventricular function in rats, 
Circ. Res. 1979; 44:503-512). The inclusion criteria for 
rats with MI were that > 1/3 of the LV circumference was 
showing signs of irreversible ischemia. 

In vivo 31 P-maanetic resonance spectroscopy (MRS) of the 
rat heart 

MR imaging and volume-selective cardiac 31 P-MRS were 
performed on a 2.35 Tesla (T) horizontal magnet with a 
20 cm bore (Bruker Biospec 24/3 0) according to the method 
previously described by our laboratory. The magnetic 
field homogeneity was optimized until line width of the 
water 1 H-signal at half height was < 0.5 ppm. A surface 
coil of 5 cm diameter dual tuned ( 1 H and 31 P) was used for 
radio frequency transmission and reception. 

Rats were given induction anesthesia with fenta- 
nyl/f luanizon (Hypnorm, Janssen) 0.5 mg/kg and diazepam 
(Stesolid) 2.5 mg/kg. Constant body temperature (36.5 ± 
0 . 5C°) was maintained by specially adapted homeothermic 
blanket system (Harvard Apparatus) . The animals were 
placed with heart region lying on the surface coil in 
prone position to minimize respiratory movements of the 
chest wall. The paws were wrapped in thin copper foil and 
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connected via carbon electrodes to the Physiogard SM 785 
MR monitoring system (Bruker, Karlsruhe, Germany) . Con- 
tinuous ECG signal was then acquired and used for syn- 
chronization of RF pulses and monitoring of HR. The ani- 
mals were maintained anaesthetized by continuous gas an- 
esthesia with isoflurane delivered in the mixture of oxy- 
gen and nitrous oxide (1:1) in the concentration 0.4-1 % 
and at flow rate 0.4 1/min. 

A gradient echo imaging method was used for visuali- 
zation of the heart and selection of VOI for 31 P-MRS. All 
images as well as spectroscopic data acquisition were ob- 
tained with synchronized RF pulses to the cardiac rhythm 
with triggering delay of 1 ms after the R wave. Five im- 
ages (2.5 mm slice thickness and field of view of 8 cm) 
were acquired in the sagittal plane in order to visualize 
the thoraco-abdominal region and the heart. Starting from 
the scout image in the sagittal plane 5 additional (2.5 
mm) images were taken perpendicular on the LV long axis. 
Image selected in vivo spectroscopy (ISIS) (see Ordridge 
R. J., et al . , Image-Selected In vivo Spectroscopy 
(ISIS) : a new technique for spatially selective NMR spec- 
troscopy, J. Magn. Reson. 1985; 66:2 83-294) was employed 
for spatial localization. The size of the VOI was 10 x 12 
x 14 mm 3 (1.68 cm 3 ) which included as much of the LV as 
possible. Selection of the VOI was made first on the im- 
ages in the sagittal plane and then the position was 
cross-checked on the images in the transverse plane. If 
the VOI included parts of chest muscles, diaphragm or 
liver it was repositioned. Accumulation parameters were 
512 scans, 4k data points and 2500 Hz sweep width with a 
4.5 s repetition time giving the total scan time 38 min. 
Spectroscopic processing consisted of Fourier transforma- 
tion followed by first order phase correction, Lorenzian 
curve fitting and integration of PCr, S-ATP, 2,3-DPG + 
and Pi peaks. Phosphocreatine , ATP, and 2,3-DPG were cal- 
culated by computer integration of the areas under the 
respective peaks. Myocardial PCr/ATP ratio was corrected 
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for partial saturation for each animal separately by use 
of the correction factor calculated from PCr/ATP measured 
from unlocalized spectra of the chest region acquired at 
4.5 s and 15 s repetition time (see Bottomley P. A., Cor- 
recting human heart 3 IP NMR spectra for partial satura- 
tion. Evidence that saturation factors for PCr/ATP are 
homogenous in normal and disease states, Journal of Mag- 
netic Resonance 1991; 95:3). After completion of the sec- 
ond 31 P-MRS examination, the rats were sacrificed by rapid 
excision of the heart. The mass of LV + RV without atria, 
LV + infarct and RV were measured separately. 
Statistics 

Computer software (Statview 4.57) was used to per- 
form standard statistical procedure with calculation of 
mean value and standard deviation (SD) in the different 
groups. Fisher's PLSD (Protected Least Significant Dif- 
ference) test preceded by one-way analysis of variance 

(ANOVA) was applied. Normal distribution of the data was 
assessed with Kolmogorov - Smirnov test. When data were 
not normally distributed, non-parametric test was applied 

(Kruskal-Wallice) . Simple correlation was examined by re- 
gression analysis. The value p < 0.05 was considered as 
statistically significant. All data are presented as mean 
± SEM, unless otherwise indicated. 
Results 

It was found that the PCr/ATP ratio measured by 31 P- 
MRS was not significantly different between the placebo 
and the GH treated groups at baseline, although both 
groups had significantly lower PCr/ATP ratio compared to 
the sham group. This is shown in Figure 1. After 3 weeks 
of treatment, the PCr/ATP ratio was significantly in- 
creased compared to the placebo group, which illustrates 
that the cardiac energy status is normalized after treat- 
ment with GH. 

The fractional shortening (FS) measured by echocar- 
diography was not significantly different between placebo 
and the GH treated group at baseline, although both 
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groups had significantly lower FS compared to the sham 
group. This is illustrated in Figure 2. After 3 weeks of 
treatment, the FS was significantly increased compared to 
the placebo group where a further deterioration was seen. 
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CLAIMS 

1 . Use of a substance related to the growth hormone 
axis, or of a combination of two or more such substances, 
for the production of a pharmaceutical preparation for 
treatment of an acute ischemic event. 

2. Use according to claim 1, wherein said pharma- 
ceutical preparation improves myocardial energy stores. 

3. Use according to claim 2, wherein said improve- 
ment is a normalization of the myocardial energy stores. 

4. Use according to any one of the claims 1-3, 
wherein said substance is growth hormone (GH) , or a func- 
tionally equivalent analogue thereof. 

5. Use according to any one of the claims 1-3, 
wherein said substance is a growth hormone secretagogue 

(GHS) , or a functionally equivalent analogue thereof. 

6. Use according to claim 5, wherein said substance 
is growth hormone release peptide (GHRP) , or a function- 
ally equivalent analogue thereof. 

7. Use according to any one of the claims 1-3, 
wherein said substance is insulin like growth factor I 

(IGF-I) , or a functionally equivalent analogue thereof. 

8. Use according to anyone of the claims 1-7, 
wherein said ischemic event is an acute myocardial in- 
farction. 

9. Use according to anyone of the claims 1-7, 
wherein said ischemic event is angina pectoris. 

10. Use according to anyone of the claims 1-7, 
wherein said ischemic event is sudden cardiac decompensa- 
tion . 

11. A method for treatment of an acute ischemic 
event, wherein a therapeutically active amount of sub- 
stance related to the growth hormone axis is administered 
to a patient. 

12. A method according to claim 11, wherein said 
substance upon administration results in improvement of 
the myocardial energy stores. 
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13. A method according to claim 12, wherein said im- 
provement is a normalization of the myocardial energy 
stores . 

14. A method according to any one of the claims 11- 
13, wherein said substance is growth hormone (GH) , or a 
functionally equivalent analogue thereof. 

15. A method according to any one of the claims 11- 
13, wherein said substance is a growth hormone secreta- 
gogue (GHS) , or a functionally equivalent analogue 
thereof . 

16. A method according to claim 15, wherein said 
substance is growth hormone release peptide (GHRP) , or a 
functionally equivalent analogue thereof. 

17. A method according to any one of the claims 11- 
13, wherein said substance is insulin like growth factor 
I (IGF-I) , or a functionally equivalent analogue thereof. 

18. A method according to anyone of the claims 11-17 
, wherein said ischemic event is an acute myocardial in- 
farction . 

19. A method according to anyone of the claims 11- 
17, wherein said ischemic event is angina pectoris. 

20. A method according to anyone of the claims 11- 
17, wherein said ischemic event is sudden cardiac decom- 
pensation. 
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